• Efficiency of sovereign bond markets is analyzed.
first category is the weak efficiency, where stock prices reflect all the information contained 22 in the history of past prices. The second category is semi-strong efficiency, where the infor-23 mation set is all public known information. Finally, the third category is strong efficiency,
24
where prices reflect all kind of information, public and private. Although it may seem at 25 first sight a sign of irrationality, random changes in stock prices reflect the quest of ratio-26 nal investors to catch mispriced securities in the market. The Efficient Market Hypothesis
27
(EMH) is a necessary condition for the existence of equilibrium in a competitive market, in 28 which arbitrage opportunities cannot exist. Ross [13] indicates that this definition evokes 29 the idea that prices are the result of decisions made by individual agents and, therefore, they 30 depend on the underlying information. As a corollary, with the same information set it is not 31 possible to obtain superior returns. It implies, also, that future returns depend to a great 32 extent not only on historic information but also on the new information that arrives at the 33 market. Therefore, an investor, whose information set is the same or inferior to the market to its direction and volume) act as signals to the market, tending, thus, to an equalization 37 of the informative sets of the different participants in the market. This produces that, in 38 average, participants cannot beat the market on a regular basis. In an attempt to relax such 39 strict assumptions, Grossman and Stiglitz [14] expand the concept of efficiency, arguing that 40 when information is costly, prices will reflect the information of informed individuals, but 41 only partially, so that information gathering is rewarded.
42
The aim of this paper is to analyze the sovereign bond market efficiency. More precisely, relationship between economic growth and financial system development has been exten-sively studied in the economic literature [15] [16] [17] [18] [19] [20] [21] . Nevertheless, these studies consider the 48 financial system only composed by the banking sector and the stock market. There is a 49 scarce literature that includes the bond market and their results are contradictory [22] [23] [24] [25] .
50
The present paper extends the coverage of the empirical literature, considering a potential 51 relationship between economic growth and the development of sovereign bond markets, as 52 an important part of the financial system.
53
In order to quantify the efficiency related to government bond market indices we use 54 the complexity-entropy causality plane, i.e. the representation space with the permutation 55 entropy of the system in the horizontal axis and an appropriate permutation statistical 56 complexity measure in the vertical one. This novel information-theory-tool was recently 57 shown to be a practical and robust way to discriminate the linear and nonlinear correlations 58 present in stock and commodity markets [26, 27] . The location in the complexity-entropy 59 causality plane allows to quantify the inefficiency of the system under analysis because the 60 presence of temporal patterns derives in deviations from the ideal position associated to a 61 totally random process. Consequently, the distance to this random ideal location can be 62 used to define a ranking of efficiency. As will be shown in detail below, we have found 63 that this permutation information-theory-tool is also useful for detecting and quantifying 
66
This article contributes in several ways to the research field. First, to the best of our 67 knowledge, this is the most comprehensive study of efficiency in the sovereign bond markets 68 covering a total of thirty bond indices of both developed and emerging countries. Second,
69
we detect a coherence of agencies' ratings with the time series efficiency endowment. Third,
70
we find a statistically significant link between bond market randomness and economic de-71 velopment and market size. Fourth, we prove the practical utility of the complexity-entropy 72 causality plane for quantifying efficiency in a financial context.
73
The remainder of the paper is organized as follows. In the next section, in order to keep 74 our description as self-contained as possible, we introduce the complexity-entropy causality 
Complexity-entropy causality plane
Black box time series, given by the discrete set {x t , t = 1, . . . , N }, recorded from observable quantities associated to a system are very often the starting point to study the underlying dynamical phenomenon. They should be carefully analyzed in order to extract relevant information for simulation and forecasting purposes. Information-theory-derived quantifiers can be good candidates for this task because they are able to characterize some properties of the probability distribution associated with the observable or measurable quantity. Shannon entropy is the most paradigmatic example. Its usefulness as a measure of the volatility phenomenon in the financial domain has been proved [28] . Given any arbitrary discrete probability distribution P = {p i : i = 1, . . . , M }, Shannon's logarithmic information measure is given by
It is equal to zero when we are able to predict with full certainty which of the possible outcomes i whose probabilities are given by p i will actually take place. Our knowledge of the underlying process described by the probability distribution is maximal in this instance. In contrast, this knowledge is minimal for a uniform distribution. It is well known, however, that the degree of structure or patterns present in a process is not quantified by randomness measures and, consequently, measures of statistical or structural complexity are necessary for a better characterization [29] . This is why we have proposed to consider also the statistical complexity for the analysis of financial time series [26, 27] . The opposite extremes of perfect order and maximal randomness (a periodic sequence and a fair coin toss, for example) are very simple to describe because they do not have any structure. The former situation is fully predictable and the latter one has a very simple statistical description. The statistical complexity should be zero in both these cases.
At a given distance from these extremes, a wide range of possible degrees of physical structure exists, that should be discriminated by the complexity measure. In this work we have considered the effective statistical complexity measure (SCM) introduced by Lamberti et al. [30] since it is able to detect essential details of the dynamics and discriminate different degrees of periodicity and chaos. This statistical complexity measure is defined, following the seminal and intuitive notion advanced by López-Ruiz et al. [31] , through the product
(1) of the normalized Shannon entropy
tribution, and the disequilibrium Q J defined in terms of the Jensen-Shannon divergence.
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That is, 
92
In order to calculate the two above-mentioned information-theory-derived quantifiers, a 93 probability distribution should be estimated from the time series associated to the measur- 
169
In Fig. 1 these findings appear to be independent of the pattern length selected for the symbolic 179 reconstruction of the original time series.
180
As can be seen in Fig. 2 only Ireland (identified by the number 9 in Fig. 2) is not included in the Eurozone cluster.
185
Its permutation entropy is lower and its statistical complexity is higher due to a constant 186 another country member of the Eurozone, Portugal (identified by the number 22 in Fig. 3 ),
192
is included because of data availability. As can be concluded from Fig. 3 , the previous finding integration [8] .
196
Another important result is that the classification derived from the CECP is coher- Table 1 . Portugal bond index is identified by the number 22. Eurozone sovereign bond markets are identified with green stars. and at purchasing power parity (PPP). The results (see Table 3 ) show a moderate to strong 214 relationship between permutation entropy and the development proxies. Additionally, and 215 in order to study the effect of market size on the efficiency of the bond market, we perform a 216 non-parametric regression between permutation entropy and a size proxy. We select the ra- 
